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PREFACE

This publication is an addendum to the Proceedings of the

Project VELA Symposium, held at the Pentagon in October 1960.

The two papers comprising this addendum were originally pre-

sented in classified versions at the Symposium; those versions

were reviewed and rewritten to enable their present distribution

in unclassified form. A distribution list is also included.



Lt.Co~l. P, G. Galentine
Defense Atomic guqport Agency

A-



po as CalIMtM

Aj most of' youi na lmoi7 DAM,% or AF~P its It Vas ftI pr~oar to
iy 195# b~s been in the Atomic Testing businesa enace World War 1,

base•, ou the %erational revirU enta, for information V& ertabliab the

techtical eqeuirexenta for exerimeats. Project p•oposals are then

submitted ta us by the. vurious research orgauiations tor -review a=d

a~ppoval, DASAA Field Coma•ad at Albuqaerque,$ deterdiaev the oupport

required and then programs the support to the project. Thena they

organize all the DOD experimenting groups into the DOD Teehnical Testing

Organization, headed by the Field Coomand Test Group,

When tests are being conducted at the EPG this DOD Technical Testing

Organization becomes a Task Unit of the Jfoint Testing Force which svi-

ports them and creates the testing environment required for the various

e4perimental projects. D

When tests are being conducted at the IJTS this DOD Technical Testing

organization becomes a part of the 4EC's NTSO along with various other

users and receives ,the technical and logistic support required for the

various experiments.

Field Cowmand provides the Military Deputy Test M1uager and a sup-

port organization as part of the BTSO. This su~yort organization provides

the military support required by, hot only the DOD User Group, but also

to the various other users.

After the tests are completed the test data collected flows back to

DASA for quality control and publication. After being analyzed it is

prepared in selected forms and disseminated to users.

Because of DASA's organization and exerience in the testing business

and its assigned mission to supervise all DOD atomic test activities$ the

Advanced Research Projects Agency asked DASA to assune in its behalf

regponsibility for the proposed VELA*UNIFORM explosion series which

A-2

e



20S and Zor uualear jbhots outside th.e AWO T* eColdinatim ent teanitg

uxp with the AEC fare necesoary because *htr oe xesponoible �or Anilng

ancl acco3plsdhing all BE shotr aired ut the N1S and ror al the nuclear

shots of the 7AIA-LUWFOPK sefiee without regaril to location* The Ap

will also make some close-in measmreutos aea determi the •'ie~l for

all nuclear shots.

In addition to the resplonsibliftles +hat I havre aleady ventioaec&,

DASA will conduct the large 22 shoto outs±t.e the XTS and will eoordinatia

and control all DOD activities at shot sites. The Air Force Teehnical

Aplications Center vill fornaate the over-all techtioal reqyuriemnats

of the measurement program to which DABA will be zespotsive,,

The DASA and DAM Field Conmd are proceeding with this assimmemit

much in the same sa4aner as they would for a regular nuclear veapoia effects
'test series. ,

An organizational structure bas bc-en jQintly developed by Field.

"Command and ALO/AEc fbr isplementation of the various parts of the explc-.

sion series. For si•lification I will eliminate sme of the detail and

sho- you a condensed Version in order to eimhasize the mjor parts. (See

Figuwes 1 aýd 2.)

For p•1oses df clarifying lines of authority and responsibility for

joint l~nning in areas of coion interest and field oqermtlons, AEC/ALO

and FC/DASA have agreed in the assignment of Mr. Jams, Reevesa, AEQ/AL0fl

as Project Mazager and Colonel Leo.A. KMleys FA)ASA. a:s Associate Project

Manager for the shots at the NTS (C•ONCETO) and the nuclear shots in

other sites within the Uaited States (DRIBBLE).

In these capacities they will be individually responsible for the

AEC and DOD participation but equally respIo"n. oe for deteraining site

locations and deciding when shots will The ietovmted.

It is believed that this joint teats is• a fine arxs;4ge'nt for

accogiihing this task.,
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X the .am exeent Trogriwx Und" the Qognizaac* 4 I)AS.% the techniK

ca% requirementz coiw (Figure 3) froa APnAO to DAB& Uy -rey of ARPA. DAM&

develops this farther aa gives oro detailed gtudsace to the pro•ject

agencies %Won which they develop project rxqposals and (FigU.e 4) send.

them back to DAMA. Yleld. Cond ia coordInation with AxC/ALO determineg

the s xort requiresnts ot the proposal Xor DASA which then incorporate:

thei iito a. technical and support plau. and takes it to AFTAC for coordnationi

and then on to ARPA for approval.

After the plan is approved it is (FigUre 5) sent back to DASA Field.

Cao.d with money. Field Comsnd then programs money aad suport to the

project and binis 4it# along with other pro~ects. ±mtnt the DOD tecbaihal

teetizi orgaizatin which, then plWxs •nto the MT,! ra c"GI rGte as & Par"

of °it. After the 'rarious shot* are coaducted# the data'collected will

* flow back in a manner yet to" be prescribed through DASA aad -AFTAC to ABPA

and the users.

In response to a memorandum from the Office of the Assistant Secres.

tary of Defense for Public Af.fairs* flASA has pregared and is. now iyle-.

xenptiug a broad public affairs plan to 'support that of VY-U-TFOR. concerned'

with the under*ground &hemical and nuclear explosion series and the

construction of prototype detection stations.

It mzay be well to polat out that many jortions of this test progras

are dependent on the outcQme of the earliper portions. A great deal of

the plAnAlAg for the leter shots is likewise dependent on the outcome of

the earlier shots..

In ccaciusion, it tust be'epmasized that the 'uclear test explosions

discussed aboye have not been authorized to date.
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o'betr ScheLd

In disclausing the methods ana yro'bleas of on-ulto iuispecttoar X

shoul& like to cover first th, types, of events thot cea be inAsected;

that is, the criteria that have been set V ?or limpectio!; weacads the

locations most ouitable for clandestine tenting; tor4L, the general

characteriotic* of olandeatirxe nuclear tests, in artLculear those

charecterietice that wa of sigiaf•caes, to ia2section; fow•'• the

methods and techntAqu ean inoeetion mr use; •a frifth, the. vebeatch

program as ve nov .see W.•

The problem facing on-site iuspection is to.odetermne the rature

aad, of couree, the exact location of epeisuc events that have been

detected by the control system and that are suspefted of being clan-

destine undergr6und nuclear tests. Before such an inspection can be

underteaken, however, the event in question rust, meet certain criteria

vbch are outlined here on my first slide (Fig. L). First, it must be

.at least magnitude 4.75 (tbat I*, about 20 UT). Becond, it must be

recorded at a sufficient number of control posts in the detection system

to establilu the approximate time and place of its occurrence. SpeeI-

ically, at least four arrival times mast be recorded at three differeut

control posts to establish time andr position of t•he event.

Specifically exemptýd are events vhose depth of focus ts established

as being below 60 kilometers, events that can be 'estublished as either

foreshocks or aftershocw of earthqAakes of at. least magnitude 6, Ud,
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#.Vent& Vhwoe .•1Ceiteu ere 2r etea LM l hie deep otee but Sor wbich no

consistent hydrseowmtle sSga)an sx•w c eeI.

Assuarin that an event sets tbee. bro" criteris eandL Is selectea

for inspection und the Usquta 7i*tesp the eise of the ge*graphic ores

that can be inmpected vll, according to the present U. 3. position,

very from 200 to 500 e%*Wre kilowaters or from approsimtely 75 to 200

square xiles. TIs veYrition Is base& oa the number of control posts

arounAd the epicenter or the event. ,eontral posts eve locate& in

every poseible 900 setor,. the area vii) be limites to 200 seqare

kIilometers. If control posts are located on only, 2 or 3 eidesi the area

will be 500 ,euare kilo•eter.

Imagine, then, that the control system d&itatches aa Inspection team

to a site. We hope they can arrive vithin about 1 week after the event.

What should they look tort, (Fig. 2) We have listed here some of those

characteristics of a clandestine nuclear test that -are of 6ignificence

to on-site inspection. Thou&h an attempt undoubtedly would be made by

a violator to cover up or eliminate miany of these chafacteristics, there

probably would still be evidence that was overlooked by the violator or

impossible to hide.

First, the test would require some preparation of the site, Which

in turn would involve a work party and associated vehicLes and equipment.

Depending on the nature of the test, it is estimated that on-site actility

could persist for a pre-teat period of a month to more than a year

followed by 3 to 4 days for clean-up after the shot. The work part'

would piobably need tunneling or drilling equipment to reach the shot



point. Certainly, some means must be found to dispose of mine rubble

or drilling .mud. Pre-shot preparations also may require new road or

airfield construction, or moorina fecilities for ships if an offshore

test were conducted.

Presumably, the justification for clendestine nuclear tests wIuld be

knowledge obtained from such nstr•ow• a•tion a might be installed. Tbie

could be a mnimum amount of intrumentation desigued simply to give

yield mnd reaction history; even in this S•ainmu case, however, personise,

would be needed for iswtallation, servicing, and data recording. Perhaps

some 10 to 12 men on site for 3 to 4 4ap could Install the devieo

instrument it, record date, aMn clean up after the firing. If more

elaborate instrumentation were used, instienut holes would have to be

drilled, and additional cable or telewetering equipment would have to be

installed and moved out.

The firiag of the device will leave certain effects In the environ-

ment. Undergrounwi, a rubble-filled csvity vould be formed, tAt would

approximate 70,000 cubic yard, per KT. Possibly, depending on the

geology., a chimney from this evlity taiard the surtace wmold also be

formed. The shockwave might cause root 4Omae to vegetation Immedliately

above and axound the surface zero. If the shot were not adequately

buried, there could be venting# fracturing, WM faulting in the

surrounding area.

These test characteristics and effects suggest various Inspection

methods which are listed, on the next figure. The aSin problem facing as

inspection team at this initial stage of Ito activity Is that of redUeiDS

the area from one of several hundred square kilometers t* oane o to=
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MW4AieAee s1%4'..tht Ifis tO a 8$33!1eo WAre th~ers geo~physical. techiques

can be , aloye& vae erteb7,e1yo TLhusa, ir the rivet lhase or the

Inspecttonz, Atempto auoL, be 1a ty means or aeriaL Dbotogm]Phy,

Ung1dintzg blqk &A %i.*tes color, c~axmw'age detecto, WA GM nffl-reG

to pick up cems such is roejo unsua, huan w ativityj vegetatiot damgeq

*Ad mine opentris that ould& enable the team to rapil.yoy eoncentrate Its

efforts im one or a few senal a.re.In a.dZm e tond , oeei$ noiae monitor-.

Ins using etriragin of• ]ohones allpt be employe& to .ocste the epicentra

*res. In the semtler areas inoAyDsItX techniques mIStt he employed GUib

to eeismic profizi•g In order to detet the erushe zone or ecvity from

th explosion. Mgnetic and electromagnetic survels Stgbt be flown in

Gorder to detect d8rIL .ole casings or other metallic ob3ects. In the

aeae of a mrine environwent, acoustical sumes could be mae to

determine bottom modification or crushed zones. Surface Subsidence

measurements m1ght be conducted in order to detect 6ontinuing vertical

motion Ot the earth's suarface resulting from tbhe ormation of a cavity

or chimney. If these or other teehnluesý successefuly point to shot

locationO It is then possible to drill into the crtmtted zone or cavity

in order to obtain fsesion product evidence.

This# In brief outline, to the anticipated procedure.

The SeneraX. goal-of the on-site inspection research program Is to

develop. operational techniques for an inspection team to use in deter.

mining the nature and location of a seismic event. Specifically, we
m u

must



&) a4pt an& 1wro\e tetcbalvies Oa~t bs.'is a.tbay 1'roved

Unaetu3. ±In'Other flel~a;

()seek out and explove =o~onverxtioml a.1 thodw uan& now

ideas; and,

(3) gather and compile data so that teama ean maka valid

interpretation# in veziou eavinromtnt ead conditions

of geology.

With this in mind,, then, I voald like to 'disc•s, the research prograz

as we see it now.

As previously notel, the success of an inspection team will, depend

to a large extent on its ability to reduce the taxget area rapidly. In

this effort, the team -ill probably be forced to rely heavily on aerial

photographic techniques. In order to refine these techniques for use by

inspection teams and to collect dta., we have laid out a program which

includes the following:

(1) Investigation of optimum camera-lens-film and filter

combinations for varied terrain and weather conditions;

(2) Study of reflectance and other characteristics of

damaged vegetation and detection of these effects by aerial

photography and infra-red methods; and,

(3) Interpretation of aerial photography taken before

and after test explosions to detail terrain effects and human

activity connected with test shots.
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explosion atershocks, mAy •rovi4e a miiqe mthati to distiuiush tart4.

quakes from uaderground iauclear explosiotw, The aata, at present hO1% ver,

are meager. We have iniWtiated a progrem to collect afterhback 4ate frft

"the test exylQsions, and from sm&a earthquakes In the Sax Franisto Say

area. Three panel trucks have been equilyped with strings of geophQuea

""nd magnetic recording equipment. On short notice this gear can be

moved to epicentral areas in Northern California to record aftershlocks

following Richter magnitude 4 to 5 earthquakes. In connection with these

operations, terrain studies will be carried out to pinpoint possible

surface effects. We are just now considering the possibility of extending

aftershock studies to worldwide environments.

Seismic profiling is one of the few techniques that offer the

possibility of direct cavity or crushed zone detection. We intend to

explore the usefulness of present methods over existing cavities at the

1Revada Test Site and at VELA research explosions. At present, however,

it is difficult and time-consuming to cover large areas in the fine

detail necessary for on-site inspection. We hope, in this connection,

to initiate work directed toward development of continuous signal sources

aud wider coverage.

Magnetic and electromagnetic surveys, probably using airborne

equipment, may prove useful in detecting drill hole casings or buried

conductors, and we have started work to explore these methods at the

forthcoming test explosions. We also want to investigate the usefulness

A-16



oft hese teab~ftiae# Iny areas v~ltl% sh43ov iuater COY.,!D for SWUCep~ie thti

off-shore oil flelds i the Cat Mexico..

Unaerground %ea ting 1u such~ a& am&__~tb~t Is &aa UndapO~w4.mw~arvter

test--poses a special problem for Inspection te••* Abseace ft f s 8a•ce

features such as roads or evidence •f human actiity will make It

dItfflvcai to reduce the target area to a site Vbere Seophysicel tealniquees

can be used efficiently. In this cozection$ we PlaA to Investigate the

usefulnees of odern method of marine acaQotic or seismic surveying to

detect crushed zones or possible bottm modificat.ign.

Theoretically, an underground nuclear e•plouion will cause surface

motion, mainly vertical slumping over the cavity and chiamey. The problem

is to measure this motion as it occurs after the shot. FPelimiuary

studies using liquid level methods have been carried out at past

explosions and' will likely be continued. Additionally, we intend to

explore the application of photogrametry to this problem at some of the

future test explosions.

Inspection teams would probably make detailed radiation surveys even

though it is unlikely that a well-plawmed test ,would vedt to the surface.

These techniques are standard and have been employed for a long time at
the various underground tests. 1n addition, ,we are examining the

usefulness of radon release measurements. Increased permeability of the

soil resulting from the shockwave or gas pressure from. the explosion will

tend to increase ground ra4on releases. We have instituted a program io

collect background data on radon eqfllbris anad also to measure such

increases as might~occur after explosions end earthquatke.,



GrundL elecatriua7 au2xveys., as uoe in 4 lig urep are Ga Vossibe,e

techxidue for detection of crusbhed tovea or cavLties, We feel that

present Methods do uot il~ov sw~ficlent penetraion to reach the depth

at vhbch vell-contained tests vouU. be eonducted. Nevertheless, ye hope

to keep abreast of developments in this field eand vill try to utilize eal

major advances that are made.

Gravity surveys are in a similar category. Calculetions indicate

that cavities or crushed zones resulting from underground tests would

cause gravity anomalies of about .001 to .01 milligals. These anomalies

seem to be somewhat below the limit of present capability. As in the

previous case, we hope to keep abreast of improvements in instrumentation.

The last method shown in the slide is -somewhat specialized and

applies only to tests that might be conducted in abandoned mines or

abandoned drifts of active mines. The thought here is that during the

period of abandonment an equilibrium is reached between the temperature

of the mine wall and the air. Use of a mine drift for testing and

necessary ventilation would upset this equilibrium. Sensitive temperature

measurements therefore might indicate whether a supposedly abandoned mine

had in fact been used.

In addition to the work directed toward these specific techniques,

we are also undertaking a more general project to guide us •in the research

program. This work will evaluate the current level of capability in the

various techniques, provide information on the direction of current

research, and indicate how the various methods can best be adapted for

MW1



use br Inspectioa teews By, lcieasing conta•e• vith %ndustrial and

scacexica circle,, we also hope thfat this project will help in developing

ecapletely new Ideas and unconventional methods.

In sw=ary, then, we have reviewel the criteria for inspection of

events and their possible locationa; the characteristics of clandestine

tests that are of interest; inspection procedures; and, in general,

the research we plan on the various techniques. I appreciate greatly

the opportunity to present this material to you and certainly hope it

vill help stimulate active interest and participation of many of you in

our program.
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CLANDESTINE TEST CHARACUERISTICS OF SiGNIFiCANCE

TO ON-SITE INSPECTION RESEARCH

I. Site Preparwulon
I. Personnel
2. Tunneling or drilling equipment
3. Trucks, lircaoft, ships

II. Instrumentation and Firing
1. Personnel

2. Instrument holes
3. Cable or telemetering equipment

ill. Effects
1. Rubble-filled cavity plus chimney

(70,000 cubic yards per KT)
2. Vegetation damage
3. fracturing, faulting, venting
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?OSSIBLI ON-SHEl INSVECT1na lC INIQUIS

ON-Sm TKINIQUES "Emcr" OR RI _ENCI

PIosogUUpy lHuman activity
Vegetation damoge
Ground displatemen

tlafroRed Surveys Ilurcan octi0t10
Veget9tion damoag

Seismic Hotse Monitoring Aftershods or noises

Seismic PrOfiling Crushed tong or cavity

Magnetic and EHectromagneticSurveys Presence of metallic conductors or fot-w
magnetic objects on or in the eortb

Acoustical Surveys (Marine) Bottom modification
Crushed zone or cavity

Surface Subsidence Mesurements Past-shot subsidence over the cavity

Geochemistry, Anomalous radiochemistry

Ground Electrical Surveys Dehdration

Gravity Surveys Ctushed zone or cavity

Mine Wall Temperature Variations Human activity in abandoned mines
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Co~mwmder, Air Force Mla).Utle ]awell Air ?'6ree bame, AeUm

Missile Division
Air Force it Post O&Mce
Los Augeles 45, CalUoraia
Attn-: Lt. Ernest Wclgema

(3 coPies)

11. Oter.Non.Defense) Gverminent 2!:ga'zatI~nz

O•fce of the Special Aessstant Mr. Philip 3. Parley
to the President for Science &pecisl Assistant to the 86cwetaTa
ean Technology' of State for Diewa ameat an

Executive Office BiuilIug Atomic Energ
The White House Department of State
Wa~shington 25# DJ.C,, V8.8biKgtaft 25, D.C. (Z copies)'.
Attn: Mr. Spuwgeori 14. Keeny, Jr.

Atomic Ene•gy Comdesion
OffMce of the Assistant to the Division of MHlitar$ Appie•lia"1

Secretary of Defense for WashIngton 25, D.C.
Atomte Energy Attu: Mr. D•ua. 1. QUalO

etartment of Defence (2 coeees)
Washlugton 25, V.6.
Attn:, Cal. Philip L. Hooper
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At4Qed VUew4V eomutO0iGOC 11.S. GeologiLcal Siwv~y
Albuquarque 01peratioflo O2~ScO Water ~Iesovwee0
P.O. Box 51400 ftooi 32%A Ar'lington Towers
-Albuquerqu~e, New Wxeio: Ar-lingtonp Virginia

V7.8% National Bureaua of SUMWUrG U.S, Geological SrMe
Depa~rtment of Coimerto 343 XlddlefteIA Road
Washington 25, D.C. Menlo Faxis CUforndo
Attn: M4r. KarrM MAtkweom Attn-. Mr. YT. 8. MKelvey

M.. National. Buveaua Qt Stealwaftt fltional Aeranauties ezwl Spaec
Boulder Laboratori.es Admiriiutration,
Bould4er) -Colorado Wasl~ngtoai 23,0 D.C&
Attn: Mr. U1lliwi V. Utlaut Attn: Ev. Joba S. Ewagg1

i (2 copies)
U.9. Coast eM4 Geodetto SOtve
Department of Con~zerce Cenit~ralI.nte~lliene #.gamcy
Washington 25., D.C. 21430 "S" Street.. N.V
Attn: Dr. L. N1. "u'hy Washington 25, D4.P

(2 Qopiem) Attn: Wr. iLobrt 3. M~attesoni

U.S. Geological Survey Nfational Acederr of Sclenaea
Department or thje Io~terlor 2101 Constituticm, Av zeuu, UW.N
Geologtc ftocesses Washirngtaa, 7)C.
Room 14215., GSA Building Atta. It,. LinA Hoover
Washington 25, P.C. Dr. Pembroke lart
Attn: Mrw. 7. R. Baele3y (2 copiev)

U.S. Geologieal Siuryty XatiowA. Science Foundation
F edera~l Center 1951 ConstItuatica Avenue, 9,W.
Deaver,, Colorado W~ashington, D.C.
Attn: Dr. P. Edward Dfre*ly Attaz Vr. Roy S. Ienson

a. ummmTPs muIZv= 1wLZ, sCWmmel OJIGWWTZAIOUS

ACP !ndustries, Inc * Aezo GOf Aitro Cloziontion
Electro-ftyales Laboratories 1200 Duke Street
3355 Fifýty-second Aveaue Alezcaadrie,, Virgii4a
vyattsville, maryianld Attn: Mr. Omeld Heiser

'Att: V- WeleyMo~.1rG
Att: r. esey(2 copie) Aerojiet-General 6orporation

SRooM 809, Cafritz BuIldings
Ad1vance !nuztirlese, Wc. 1625 FPye Street, 8R.W.
64Io memortai arive Wasbington 6,, D.Ca. (2 copies)
Cambridge., Massachusetts Attu; Wr. Z. L. RMMv
Attn: Dr. Roger a Clemp
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A~eoatroziic Divialea ~ Americou 5Vst~ifs, Inc6
Vord Moitor Comwp& 3432 Ceetuq~ Zoulevvx*
1234 Air Way Ins),vooa, Ca~lifomrnls
Gl.endale, Californl% Attni: Mr. David 0. Caldvell
Attn: Pr., No~tgomery R. ;bQU&3(

ARPUe4 ftysics Laboratory
Aerospace CorPoration The John*s Hopkins Ualworsity

G~. eg~ms, C~for~is 62%,Georgie Avenij0
Attz'~ Dre Be Ps Leoiiar Bi.ver Springs Maryla~a

(2 copis~e) AMtA: Dr. Albert M4. Stan$

Aeroaepce leseavhpi Xwo. Armour' Research fourzdstloA
90 Hssshusetts Ave=W 20 West Thirty-fif~th Street
Caibridge 39,; Massichiasett$ ChtcaW 16., Illinois
Att~n- Mrs L. t7enz.1 Bibapis' Atital Dr. 0. H. Stz'ohmeier

Urzborme !aatriments ldboretory' Dr. Uoy$ V. Derk.ners, £'residet
Division of Cuitler'UanIee4 two Associated bilversitLes
CommacRoeA IS0 Columbus Circle
Beer Pusi', Long 101WArd New Yorkc New York 19,, Nov York
atta; my. Wil1Jau F. Ww4dUrY

AoaTceIiternational, D~Iyl lan
communeSa Offcer Worth Amerieain Aviation, Ine.
Offtce of Ordnance Researebl 1000 Con~ectloiat Avenue, N.V.
Ou~e Tait~versity weashiagton 6.. D.C.
Box CM4 Mue Statiou Atta& Mr. Robert g. Sebnert
TUhwrh, North Carollias
Attn: Prof. 0. So andsy~te Atom1cs Interuationea DivleioA

Wnversity of Alabama Iforth Amneriewa Aviatio 'ng Iic.
Canoga Park, Calif~orn~ia

A121e.1 Research Associates, Inc.* Attn-. Dr. Si4ney Siegel
43 Leon Street M.R. C.ý Alleia
Boston 3.5, Msatchuzette
Am% us:M. Daniel SY. FUXk Autonetice Vivtasion

(2 copies) North kmerican Aviation,, Inc.
432 Carfritz Building

ALMA Corportio1n 1625 Eye- Street
P1chardsons TIexas Wasutn~ton 6,, D.C.

*Attu: Mr, Robert T. Seroana Attn; Mr.W J. ,W. W4Miwa~y

*Americaa Science 04 fteln~erIhg AVCO Corporation
&85,Broadvay WI) ngtoa, Massachusetts
-Cambriage 42a, Massachusetts Atta: Dr. Samuel Globe
Attn: Dr. Xartiu Axnale
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Battelle Memorlal Institute Collins Radio Convany
505 King Avenue Universail Building
Columbus 1,, Ohio Suite 429
Attn-. Mr. N St Kirschbeu 1825 Connecticut Avenue,, X#9

Vashigton .9,, D,.C

Bell Telephone laborstories, Ime., Attn; Mr. Evovr'd C. Briggs
Whippany, New Jersey (2 copies)*,
Attn: Mr. Francis D. Zenioqt

Colum•i •tk•iVeit7

Zendix Corporatloui Iectronlc Research Laboratorile
1701 K Street, N.V." 632 West 125th Street
Suite 901 New York 27, Nev York %
Washington 60, D.C. Atta; , otofe John 3. WelAh
Atta: MW. Ernest P. Viloomb

(3 eoPies) Consolidated. 31ectzrodeyae. Co?'r.,
Government Lielteon Offce,

Boeing AirlaeML CoMVW T66 Twenty-thira Street, South
P.O. Box 3707 Arlngton., Virginia
Seattle 24, Washington Attn: Mr. Wi1llea N. Dcpuo
Atta: Mr. Haven Co lrown

Continental Oil Co•p•a
Uklversity, of Cea1tifori P.O. Dmver 1267
Le Jolle, Califomria Ponce City, Oklahoma
Attn: Dr. Keith A. 3Dwa- AttA: Mr.. W. E. N. Doty

Californiaa eseerch Corporation Cxvutr A stuawatics Division
Lt Habr, Calfornia aeneiel Dyuamiee Corporation
Attn: Dr. F. G. Bleae, :T. 1710 1 Street,) NM.

wasbington 6, ax.C
Century Geophysical Corporation Atta: He. T. G. Vo'm11
515 South I aWn Street
TsU1sa 3, Okleoama Coaavm iAstronautics Division
Attn: Mr. 9. P. Rumwerfie1& General, Dinamics Corporation

P.0. Box 126
Laboratories for.A'plie& eieow*ee an Diego 12, California
Udiveralty of hicago Atta: Dr. Jack M. Mougboor
Chicago 37, Illinois
Atta: Dr. Poster P. RLOOe OrneU Aeronautical Laboratory., In.

4455 Geneuee Street
Chrysler Corporatln' Vatalop, New York
Wefene Opertirons Attn: l. EHaold A. Melisk
1700 K Street, N.V., go. 1306
Washington 6, D.C. Developmental EnIAieering Coxporati
AttA: Mr. Anrtia Abrev laesbur'g, Virginia

Att-n-. . Charles L, Spencer
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S0. Vevey coi~oratlon Genem1 ziaz~ic Corportion
202 5a~t Porty~or-ft~h stftot Sleetric Boat Divivion

Sew Yorky New York Grouz, Co~ziectieut,

Tfhe Dikevood Corpcrrttons cen~isr vynamico caronprtloy
48O5 14MUXBou l oaevar'd, V1.U. Genere.1 Atouiie Division
Albuquerque, New Mexico San, Diegc,, mautoI±

bOVZ.A1a Aircraft Com;P Iwo, Xa. Gateal Cectrie O M
603 Comimerce Bul±1U~ Wibiele eMd'Spaac Vhicla
1700 X Street., Zi.W. cepartumM2t
Vashin~tosa 6,, D.0, Pht1#AOepba, ftuJea.
Abtti: Xr. ZU&TAa Sprel-to Attn.- Dr. Milton awui

(a coptes)

Edgerton,, Germeshauaen .14 Sanena neetru~s Eca2.to1

Grier, Sn. tt% ZMtrj C~ea IUf gmi
i6o Droow3.iae Avenue
Boston# Madsseahuetts Genemle Electric co~vo
Attxi:. Mr. Zdwurd A. Colsam Bcheaata#4r, N~ew Yri

lc-trco-Opticsa1 6y~tez=, Inc, QOnwere electric CozxTmy
125 North Vinedo Avenu~e Symuuas, siw York.
Pasadeuia, Califormis Attn-. RX. GersWd Ceap
Attuk: Mrw. Irvi~ng Veumm

General Geophysleea Cordqu7
Slectro Techniical U~borstories, T50 Hoaaton Club BuiJWing
MmZdrel Indutries, In~c. H%~W~iton Tex"g
513I4 Olenmoni Attn: Dr. IwviIA.K. W~t%-tbzi
IQ1L~t~a, Texama
Attn: I&. W. I.V2 eDwral13A..~ ZAC.

2003 But% Hemeple Avemi

5515 Randolph Rioa4 Attut ft. Otwxuz H. Stmetter
Rockville,, Maryland
Attn: Mr. Vincent J. ftsh~ir Oeeteehnleal Coz'poraltiou

Ford i ntrument Company ~ NV3Ua, 280, e
SPerry PAz4 Corporation Attu: Dr. 111U1am S. USeroy
31-10 Thomson Avenue (2 copies)
LIoZg ISSrAd City 1,, New Yorks
Attn: Mr'. Theodore 3a~rdo
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Gulf Research and -Development Laimnt Geological. 0bservator.
Company Coljuwbia, Tbiveristy

G (eophysical Research' Di'dolon F~a~sades,, NevToYrk
Drawer 203,8 Attn; W4. 10 J. Dorm=~
Pittsburgh 301 femrnsYlv0wi&,
A~ttn.: Dro T. J0 Q'Donne& Lawne It4Sbatlon labQratory7

tkiversity at CaUfo~rni.
Hervard College Obuservatoa7 P.O. -Box: WQ
Harvard LUiversity Liunvr, sifo~ri4
Cambridge, Massachusetts Attu: Dr. Choruas 2, Vile
Attn. 16r. G. o s4 ~gw1 (3 copi.es)

Hayes Aircrett Corporatioun Lbreaeope Di.vlsion
Birminghmsaa Alebans General ftecSisiof, XIna&
Attn&. Mr. Charlet No Ask.? 80 Westerm Avonus

G~aren3a, Caluforniie
Hugtes Aimraft ibpair Atka; Mr. Robart C. Vyolsoft
Florence Avenmi ut Teale Btot
Culver City, Coeliforis Unaoxso laboratory~
Attn: Mr. T. 13, Hanscamesehuet us~~t of

Tachuiology,
13U Federal Systemi DIIivisio lexingtOtm T3s, fteachusetts
1120 Co~necticut Avenue, W.V. Attn-. Dr. Jaews R. PamzeU
Waahingtol9. 6. D.C,
it~tn: mr. jaws ir. marnal3 Arthur T. Little I=e.

(2, cople') 15 Acorn~ Park
Cambridge 40., bSBS.bIZsStta

Jersey Prodwztion~ Researcl% Coqpany Attu; Nee RS N. azolvood
3.133 North Iwvis AvszauW
=~so 101, Ok2.abom LittonIndu~istries

Attn-. Dr. P. S. W±111m8W 336 Zorth foothill1 Roii4
Beverly Hills, Californiae

Kaman Nuo1eear Division Attn: Wr. Frederick :. Wi2.meas
Kaman Airo reft Corporationi
1 West Lao VeVAa Street Lockbe.d Alrere.?t Corporatica.
Colorado' Springs, Colora&o,' 106 COOMSConaet t Avemw, .14.
Attn: Mrw. Trek A. -Shelton, Waaeh±gto 6., D.C.

Attn: Wr -7 J. To Qmve
ýLaboratory. for Slectronice, Inc. (4a copies)
Boston 15, Ma.ssachuasetts
Attn: Mr. Leonard VI. See'qa Los Alamo Seionttfle bog'atory

UnIversity of CaJllfornts
LaCoste eaid Romberg 1.0. sox 1663,
Austin, Te "-A Los Alw~oo, Now Mexico
Attu: We' Lucien J. Do Looste Atta; Dr'. Austis U4 McQuire

(2 copies)



The MAIni1 CoMPaAY North Ameriean Aviation, Incv
mail No. J 3.149 Missile Division
Middle River 12214 Lakevood Boulevard
%itin're, Marlanl Dovner, CaUafornis
Attn: Mr. L. ;. ;act=on Attn: Mr. Joseph.So X~r° W

(3 coPeg)
Northrop Corporti:am.

Melp, Inc. IoraIr XvIsLon
3000 Ar1•wl on 3ulevard 1001 ,8at Droadwq
FWals Chuah,, VIzSIA6 Rawthorne, California
Atta: Mr. Ralph VAuller Attn: Mr. Paul I. van Zoso

MRwerslty of ita.iga" Wortm Corporatiam
Vl1lw Ibi Laboretorlea VoreAr Vislon
72silsati, Michigaan ault 905
Attso. W. Robert L. Oh1I; 1730 K Street,, N.V-

(2, copies) Vashington 6, D.C.
Attn: Mr. V. j. 0s4.e

Miinneapolis-Horn.vaU1 Repa~atot
Compazij PhIlco Corporation

Hil~tazry Products Diviuion 1707 X Street, I.V4
'2435 Virgini~a Avenuze washington 6., D.C. (h, copies),
Washinzto= T, D.C. Att~nq Mr. zyewett I* Team.
Attan: Mr. atoba H. Keprios

(3 copies) 2. 1. Plesset Assoeiates, Inco.
6399 Wilshire zoulevard

MIeVreaty of wznuesota los Angeles, CWlifornia
Minnaspolls., Minnesota Attn: Mr. 01en A. NamceAttn: Dr. JTohn R. Winckler*

.. Ra&io Corporation of America

The JUTM• Corporation Defense Electronics Products
244 WooA Street 1725 K Street, N.V.
Lexington 73, WassachusettS Wasbidnon 6, D.C.
Attn: Dr. Pwa t. Grant Attn: * Mr. Tom Finly (3 copies)

National Mgineerzng Science The RAM Corporation
Compaxy 1700 Main Street

711 South Fair Oaks Avenue Sants Monica, California
la•ena,, California. Atta: .Dr. Richard Latter
Attn: Mr. Nicholas D. Boratynski (3 cpies)President

Raytheon Company
North American Aviation, Inc. Missile Systems Division
1000 Connecticut Aofenue, N.V. Bedford., Massachusetts
Weshington 6, D.C. Attn:' Mr. Clark C. Abt
Attant Mr. John I. Betzler
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yt-Wweni Cqmapxw Sperxy Gyroscoape Oompny,
A(Iyaoced. SyrsteviR Divixaid Sperry Band. VCorporatton
WgWand., Mwsacbuseitt 1000 Sixteenth.Rtreet, N.We

Npyablit kviatvion (orporatioft ~ Atotant M, Ab Atley Peterson
*Adied Missiles Division~ (3, copies)
1000) Sixteenthi Street, LW,w
Washington 6., D.c. Sperrf Gyroscope Company
Attn: Mr. James go Wellor Sperry Rand. Cer~oration,

%reat Neck., Thng jslaad, New York
Se~dia Corpor&aU=o Attfts Iw. WIlliam Rfbin
San~ja Base
PXO. Box 5800 V. V. Spre~jether Instrzmet
Albuquerqye, Ney Nouica Cc.aezm; Inc*
Attn; bi'. Jams 11. Scot't 4i567 sweA &veaut

(2 copies)- Sts Lo~uis 10j, MIosouiaw
Attn&, mW. A. 7. )Teut~l

Scbluaerger Limited
40o8 Bank of the Soixthesit buUlljing St. touis, Uaiv~rarity
Houston 2,, Texas ,Izstit~ite of Technology
Attn,. Dr. ClarltGocdiuaa 3621 Olive Street

Stisumgraph Servie Corporatioul Attnx: Dr. Carl Kis slinger
Box. 1590
TUlsa, Ok~sho"A Stanford' Reseuzrch Institute
Atta: Dr. James U. hawkius Menlo Park, California

Attn*,. Dr* Rolf-Dyee (3 copies)
General Geophysiceal Company I
150'Houston. Club Bui1dl~ng Stromberg Car2.somx Division~
H~uwton Texas General rynanics, corporatijon
.Attn,- Mr. ThosiAw 0. Hall Rochester 3, Neyj Yoni

President, Society of Attn: Akw. Staauey 'B. Benson
Implgraticti Geophysicists

Dresser z1ecttomics 1220 Coviecticut Avenue, N.V.
SIZ Division VAhingtoi 6j Dx.C
P.O. Box 22187 Attn: M4r. W. J, Coari
Houstoun 27., Texaso
Attni: Mr. George Peckp Pzesidentý TrcbniceJ. Operations, Ine.

South Avoniae
Space Ilectrcaiies Corpor'ation BurliAngton) Maasschusetts
930 Air 'Wsy Attni: Dr. Brid ¶r.-Clarke
Glendale i., Gallfobimia
Attn: N.. R. N. Gbose Technrcal Roesrcaoh Groupý, Inc.

2 Aariai Way,
Syosset, Lonig Island,, Now York
Attn; Mr. Wtapael. Aronson
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ITexco nxpergimeD± IM WeateM Ilettric Couanyp Inao

New York 13., New, York.
Texaeo,p Inc. Attil: Mr. Harvey F. Connor., Jr.
Research aild Tacbniesl DePartzimnt
P.O. Box 509 Western Geophysical Corporation,
Beacom, New Yorkx 523 West Sixth Street'
Attn: Dr. L. C. loess Los Angeles 14., Cal1ifornia

Attn: Wr. Carl I. Saidt
Texas Instruwentat Inc.
Exchange Ban]r BdldiaiS Westinghouse Electrtc Corporationi
Dallas 35, Texas Defense Product Headquaxters
Attn~; 'Mr. Fred Agmiich 1000 Connecticut A~venue, N.V.

Vice preslCant Washington 6, D.C.
Attn.: Dr. Vincent Berinati

814.33 Fallbrock (Aveniee
cenogs Park., Celifornis ai'versity of Wisconsin
Attn: Dr. Iteal. S. Anderson 602). South Highland Road

(3copies) Madison 5., Wisconsin
Attn: Prof. George P. Woollard

ftweerlab) Zrie. Director,, Geophirsice.) and.
Waltham., Mhassuhusetts Polar Research Center

Atta Mi kicardWolf Research an& Development

3bite&L Control Corpofttiot% Corporation
145140 Iti±ou Wa Place 462 Boylston Street
Seattle, Washington: Joston 16., Maasachusetts
Atta: We. Robert C. Gru~y, Attia:- Mr. Vi1l~is X. Wolr

tI~tedZlectroD;rhami~csa Inc.c Advanced Reseearch ftolects Agenicy,
WOo A3.1azdale Road (20 copies) Dr. Charles C. Bates.,
Pasadenat California Mt. Rtwsell Beavd., Brig. Oft.

Attn:~ D. ainA.Perso Austi a W. Beitt. Mr. Carltoo Beyer,
(2 copies) Mr. Jom Blower, Col. Thomas Vi.

Brwidoge., Lt. Coindr. pDona.3A
Vitro Laboratories Chandler., Mr.. Donald Clemente.,
West orange Labora~tory Nz. Grady C. Frank,, Mr. Theodore
200 pleauant'Valley Way A. George, Maj. John A. Poulson)
West, Orange, New 7~ersey Mr. Jame Sprigga, Lt. Col. Roy
Attn: Dr. Stephen laiksaok C. Weld2.oi

Mr. Theodore A. George, ARPA
Secretary, Ad Hoo Group ou
Detection or Nuclear Detmontio

(15 ciopies)
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institute for Defense AUalyse.
(15 04oxe),

Dr..Joseph W. gore, Jr.-
Mr. Ge0orge AraoI
NMr Robert Donohule
Mr. Henry Joviepr
Mr. Walter 0. Freemmo
Mr. David A, xatche2'
P'rof. Leon, laerIeran
Dr. Jesse Orlausky
Mr, Peter Sawitz
W~. Benson Twk1we
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ADDENDUM TO DISTRIBUTION LIST

A. G0oynO( ORZ=IATIONS

National Aermaukties and Space AdiAnixtZttiQt
Waahington 25, D.C.
Attn2: Dr. Gordon'McDonald

Consultaat,, heoreticaX DiVigii,

. j52UM~IZ, Ma~tV1IRsIT1ES, ad ~rRU'ZC: ORGAJZUTIQNS

Alpine Geopbysirsl A5 i clatoes, 10e. 3D. S. Kennedy and CoaVzr
.0 Oak Street 432 South Main Street

Korwoodo New Jersey Cohasset, Mseeachusetto
Attnj. Mr. Walter C. )eba Attn: Xr. Peter Covel

piesident
Leeds aLd Northrup Cftman,"

Applied Magnetlcs Co8pzation Research and Developaent Cegter
P.O. Box 368 Dickerson Road
11o7 Norman rirestone Read North Wales, penunsylvania
Santa Barbara Airport Attn, Mr. No E. Polster (2 copies)
Goleta, California
Attn: Mr. H, R, Frank, ,yesident McQuiston Associates

8733 Sunset, Boulevard
Ajppied Research Associates, ne. tsos Angeles 46, Californit
651a North Lmar Bolevard Attn: Mr. J.. I. McQuistoa
Austin, Texas President
Attn. .Mr. William farner* jr.

M(ississippi Industrial anc
University of Callforwilk Technological Research CcaiLssion
Seimomgrapbic Station 947 Deposit Guaranty Bank Building
Berkeley 4, California P.O. Box 1037
Attn: Dr. Don Tocher Jackson 5, Mississippi

4 Carnegie Institution Attn: Yr. A, D. Wttlep Jr.

Washingtos, D.C. Richfield O1l Corzporation
Attn; Dr. Richard B. Boberts, 1900 Crescent Avenue

Anaheim, California
0eneral Electric. CoparW Attn: Xiks Teresa 3. Chambers
one River Rokd

SSchenectady 5, Nev York Westin t se Electric Corporatioa
Attn: Mr. Robert S. Roehlin Materials Engineering Department

Rladiation and M.cleonics laboratory
SNali-Sears, Inc. P.O. Box 355
2424 Branard Street Pittsburgh 30, Pennsylvaniaiouston 6, Texas Attn: Mr. K. H. %m,, H•aager

Attn: Mr. Ernest M. Bail, Jr.
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